Introduction
============

Colorectal cancer (CRC) is the third most commonly diagnosed cancer in males and the second in females, with over 1.2 million new cancer cases and 608,700 estimated deaths in 2008 \[[@b1-crt-2015-024]\], and it is the fourth most frequent cause of cancer-specific death in Korea \[[@b2-crt-2015-024]\]. Assessment of biological prognostic factors is of clinical importance in CRC. The outcome of cancer patients may be influenced by variability in tumor biology. Thus, tumors with similar clinical or pathologic characteristics frequently show a different clinical outcome. Insight into the underlying molecular mechanisms of initiation and progression of CRC is needed in order to identify groups of patients with a poor prognosis.

Despite the usefulness of American Joint Committee on Cancer (AJCC) TNM classification for staging of CRC patients and selection for specific treatment, it is not a completely sufficient method, because many patients at the same stage may have various clinical outcomes, thus rendering the conventional staging system incapable of precisely predicting prognoses. Therefore, there is a great need to identify the molecular markers of more aggressive CRC for selection of patients for adjuvant systemic or targeted therapies. In this regard, many studies have focused on biomarkers that perform a critical role in CRC \[[@b3-crt-2015-024]\]. For these factors to be clinically useful, they should be routinely available, well standardized and validated in different patient cohorts. However, only a few molecular-based factors have been used in routine clinical practice. There remains a continuing need to identify clinically relevant factors that would improve the prediction of survival in patients undergoing potentially curative surgery for CRC.

TRAP/Mediator, an evolutionarily conserved multisubunit coactivator complex \[[@b4-crt-2015-024]\], acts as a molecular bridge between gene-specific transactivators and the RNA polymerase II associated basal transcription machinery. TRAP/Mediator consists of 25-30 subunits that are thought to assemble in relatively discrete modules. Thyroid hormone receptor-associated proteins 220 (TRAP220), the main subunit of the TRAP/Mediator complex, binds to nuclear hormone receptors in the presence of their cognate ligand, as a cofactor of transcription machinery \[[@b5-crt-2015-024]\]. TRAP/Mediator may be involved in a variety of human cancers \[[@b6-crt-2015-024],[@b7-crt-2015-024]\]. TRAP220 plays an important role in the development and progression of lung adenocarcinoma \[[@b6-crt-2015-024]\]. TRAP220 promoter methylation and gene silencing occur in sporadic CRC patients, and the finding that TRAP220 was hypermethylated in CRC patients in both tumors and matched normal mucosa implies that hypermethylation of this gene occurs early in colorectal carcinogenesis and appears to be associated with tumor initiation rather than tumor progression \[[@b7-crt-2015-024]\].

Peroxisome proliferator-activated receptors (PPARs) are members of the nuclear hormone receptor superfamily. PPARs, which are ligand-activated transcription factors, have three different isoforms: PPARα, PPARβ/δ, and PPARγ \[[@b8-crt-2015-024]\]. PPARγ constitutes the most extensively studied of the three PPAR-subtypes to date, since it plays a crucial role in glucose and lipid homeostasis, as well as cell differentiation, apoptosis, and cancer \[[@b9-crt-2015-024]\].

However, conflicting results have been reported so far, raising the question as to whether PPARγ facilitates or suppresses tumorigenesis \[[@b10-crt-2015-024]\]. Several studies which reported PPARγ expression in CRC \[[@b11-crt-2015-024]-[@b14-crt-2015-024]\], have shown that sporadic CRCs presenting reduced PPARγ expression levels are significantly associated with patients\' worse prognosis \[[@b11-crt-2015-024]\]. One recent large cohort study suggested that PPARγ expression is independently associated with good prognosis in CRC \[[@b12-crt-2015-024]\]. Other studies did not show a prognostic value of tumoral PPARγ status, but were limited sizes \[[@b13-crt-2015-024],[@b14-crt-2015-024]\]. Thus, clinical significance of PPARγ expression in human CRC remains uncertain.

Significant association was observed between expression of TRAP220 and expression of PPARγ. The nuclear receptor-interacting TRAP220 subunit of Mediator is required for PPARγ stimulated adipogenesis of mouse embryonic fibroblasts \[[@b15-crt-2015-024]\]. TRAP220 modestly increased the transcriptional activity with a PPARγ responsive reporter, and a fragment of TRAP220 spanning the two LXXLL motifs acted as a dominant-negative repressor, suggesting that TRAP220 is a coactivator of PPARγ \[[@b16-crt-2015-024]\].

In the current study, we examined the expression of TRAP220 and PPARγ in 399 cases of human colon cancer using immunohistochemical technique and correlated it with clinicopathological parameters. We wanted to determine whether the immunohistochemical expression of TRAP220 and PPARγ could provide useful information as a novel prognostic option for treatment of CRC.

Materials and Methods
=====================

1. Patients
-----------

A total of 399 patients were included in this study between May 2005 and December 2008. All patients had histologically confirmed adenocarcinomas of the colon or rectum, and had undergone potentially curative resections, with neither gross nor microscopic evidence of residual disease. Patients with familial adenomatous polyposis or inflammatory bowel disease, synchronous colorectal or extracolorectal cancers, and those lost to follow-up were excluded. None of the patients had a family history of CRC or received preoperative chemotherapy or radiotherapy. Staging was based on routine postoperative histopathological analysis and clinical assessment by the AJCC TNM staging system, sixth edition. Tissue samples from patients were formalin-fixed and paraffin-embedded.

Patients were followed up every 3 months for the first 2 years, every 6 months for the next 3 years, and annually thereafter. Patients underwent physical examination and serum carcinoembryonic antigen test at each follow-up; underwent full colonoscopy the first year from surgery, then once every 3 to 5 years if no polyp was identified. Abdominal computed tomography (CT) scans were obtained generally every 6-12 months. Chest plain film or CT scan was performed generally every 6-12 months. Clinical outcomes were followed from the date of surgery to either the date of death or January 2012. Hospital records were used to accurately identify the length of survival. The study was approved by the Institutional Review Board (DAUH-IRB-12-168).

2. Construction of tissue microarray
------------------------------------

One-millimeter cores were removed from the CRC samples that had previously been formalin-fixed and paraffin-embedded. For all of the arrays, three cores of different areas of the tumor were removed from each case and placed in a new blank recipient paraffin block in a previously described manner \[[@b17-crt-2015-024]\], and 4-μm-thick sections were taken for all of the immunohistochemical staining. Full cross-sections from the paraffin blocks were used for five of the CRCs, along with the adjacent normal colorectal tissue, to confirm the staining patterns observed on the tissue microarrays.

3. Immunohistochemistry
-----------------------

Immunohistochemical staining for PPARγ and TRAP220 was performed on the tissue microarray slides using the avidin-biotin-peroxidase complex method. All sections were deparaffinized through a series of xylene baths, and rehydration was performed with a series of graded alcohol solutions. To enhance the immunoreactivity, microwave antigen retrieval was performed at 750 W for 30 minutes in Tris EDTA (pH 9.0). After blocking the endogenous peroxidase activity with 5% hydrogen peroxidase for 10 minutes, incubation with the primary antibody was performed for 1 hour at room temperature. The primary antibodies used in immunostaining were rabbit polyclonal antibody directed against TRAP220 (CRSP1, Novus Biologicals, Littleton, CO) used at a 1:250 dilution and mouse monoclonal antibody directed against PPARγ (Santa Cruz Biotechnology, Santa Cruz, CA) used at a 1:50 dilution. An EnvisionChem Detection Kit (DakoCytomation, Carpinteria, CA) was used for the secondary antibody at room temperature for 30 minutes. After washing the tissue samples in Tris buffered saline for 10 minutes, 3,3′-diaminobenzidine was used as a chromogen, followed by application of Mayer's hematoxylin as a counterstain. Positive controls for TRAP220 and PPARγwere normal adrenal gland and normal breast tissue, respectively. Negative control was obtained by substituting primary antibody with buffer.

4. Immnohistochemical assessment
--------------------------------

The percentage and intensity of the immunoreactive tumor cells in each core were recorded and the final value of the positive tumor cells was determined as the mean of the immunoreactivity of the three cores. The presence of tumor tissue in at least two interpretable cores was required for inclusion of a case in the statistical analysis. All slides were independently evaluated by an experienced pathologist (M.S.R.) with no knowledge of any of the clinicopathologic data. There were only minor discrepancies in the evaluation. Slides with discrepant evaluation were reevaluated under a multi-head microscope until a consensus evaluation was obtained.

PPARγ immunoreactivity was defined as those showing a nuclear staining pattern of the tumor tissue. TRAP220 immunoreactivity was defined as those showing a nuclear with/without cytoplasmic staining pattern of the tumor tissue with minimal staining background. The percentage scoring of the immunoreactive tumor cells was as follows: 0 (0%), 1 (1%-10%), 2 (11%-50%), and 3 (\> 50%). The staining intensity was visually scored and stratified as follows: 0 (negative), 1 (weak, if it was a blush), and 2 (strong, if it was obviously positive at 20× magnification). A final score was obtained for each case by multiplying the percentage and the intensity score. Therefore, tumors with multiplied score exceeding 4 (i.e., tumors with a strong intensity of \> 10% of the tumor cells) were recorded as having positive immunoreactivity for PPARγ ([Fig. 1](#f1-crt-2015-024){ref-type="fig"}) and TRAP220 ([Fig. 2](#f2-crt-2015-024){ref-type="fig"}); all other scores were considered negative.

5. Statistical analysis
-----------------------

The associations between PPARγ or TRAP220 and the clinicopathologic parameters (sex, age, tumor size, grade, depth of bowel wall invasion, lymph node metastasis, TNM stage, lymphovascular invasion) were assessed via chi-square or Fisher exact tests. Disease-free survival (DFS) was defined as the length of time from surgery to initial disease recurrence. Overall survival was defined as the length of time from surgery to death. The Kaplan-Meier method was utilized in construction of curves for DFS and overall survival (OS). Data on patients who died without evidence of disease recurrence were censored at the time of death for DFS calculations. The log-rank test was employed to compare distributions. Cox's proportional hazard analysis via a stepwise procedure was used to determine the independent factors that were significantly related to patient prognosis. All tests were two-sided, and p-values of \< 0.05 were considered statistically significant. Analyses were performed using IBM SPSS Statistics ver. 19.0 (IBM Corp., Armonk, NY).

Results
=======

1. Patient characteristics
--------------------------

Patient's characteristics are shown in [Table 1](#t1-crt-2015-024){ref-type="table"}. Of the 399 CRC patients, 223 (55.9%) were men, and the median patient age was 63 years (range, 22 to 87 years); 200 patients (50.1%) had colon cancer, and 151 (37.8%) had rectal cancer. All patients had adenocarcinomas, most of them were well (6.9%) and moderately (32.6%) differentiated cancer. Only 58 patients (13.6%) had T1 or T2 lesions, and 219 patients (54.9%) were lymph node negative. The postoperative stages were II, III, and IV in 217 (544%), 168 (42.1%), and 14 (35%) patients, respectively. All patients underwent surgical resection, and 70 (17.5%) had lymphovascular invasion.

2. PPARγ and TRAP220 expression
-------------------------------

Positive PPARγ expression was found in 166 of 399 cases (41.6%) of CRC examined, while it was negative in the remaining 233 cases (58.4%). TRAP220 immunoreactivity was observed in 170 cases (42.6%). Similar staining characteristics were observed for all cores for each tumor. The staining patterns of the tissue microarray cores showed concordant results with those of the five full cross-sections. The pattern of PPARγ positive staining was detected in the nuclei. Expression of TRAP220 protein was detected in the nuclei with/without cytoplasm of both normal cells and tumor cells. The frequency of PPARγ expression in cases with TRAP220 expression was significantly higher than that in cases without TRAP220 expression (p \< 0.001).

3. Correlations between expression of PPARγ and TRAP 220 and clinicopathologic parameters
-----------------------------------------------------------------------------------------

PPARγ expression showed significant correlation with depth of invasion (p=0.013). Expression of PPARγ protein was not affected either by age in male and female patients, or by tumor location. No statistically significant difference in PPARγ expression was found among cases with different TNM stage. The various clinicopathologic characteristics of the patients and their tumors were compared according to TRAP220 immunoreactivity. TRAP220 also showed significant correlation with depth of invasion (p=0.011). Tumors with a negative TRAP220 expression more frequently showed lymph node metastasis (p=0.001) and an advanced TNM stage (p=0.011). No significant association was found between TRAP220 expression and the other clinicopathologic characteristics.

4. Expression of PPARγ and TRAP220 and clinical outcomes
--------------------------------------------------------

The median follow-up duration was 61.1 months (range, 2 to 114 months). The relationship between clinicopathological characteristics and survival in patients undergoing potentially curative resection for CRC is shown in [Table 2](#t2-crt-2015-024){ref-type="table"}. In univariate analysis, site of primary tumor (p \< 0.001), lymphovascular invasion (p \< 0.001), depth of invasion (p=0.002), lymph node metastasis (p \< 0.001), and TNM stage (p \< 0.001) showed significant association with 5-year DFS. Patients with negative TRAP220 cancers showed lower DFS than patients with positive TRAP220 (64.2% vs. 73.6%, p=0.051) ([Fig. 3A](#f3-crt-2015-024){ref-type="fig"}). However, expression of PPARγ was not associated with DFS (65.5% vs. 72.4%, p=0.213) ([Fig. 4A](#f4-crt-2015-024){ref-type="fig"}). Patients who were PPARγ positive combined with TRAP220 positive had a better 5-year DFS (64.8% vs. 79.3%, p=0.013) ([Fig. 5A](#f5-crt-2015-024){ref-type="fig"}).

Lymphovascular invasion (p \< 0.001), depth of invasion (p \< 0.001), lymph node metastasis (p \< 0.001), and TNM stage (p \< 0.001) also showed significant association with 5-year OS. On the other hand, PPARγ and TRAP220 expression were not correlated with 5-year OS (p=0.792 \[[Fig. 3B](#f3-crt-2015-024){ref-type="fig"}\], p=0.203 \[[Fig. 4B](#f4-crt-2015-024){ref-type="fig"}\], respectively). Patients with PPARγ positive combined with TRAP220 positive expressing cancers showed longer 5-year OS rates compared to those without (71.6% vs. 80.2%, p=0.059) ([Fig. 5B](#f5-crt-2015-024){ref-type="fig"}). The other clinicopathologic factors were not significant.

The impact of each clinicopathological feature on patients' survival was assessed using Cox regression analysis ([Table 3](#t3-crt-2015-024){ref-type="table"}). Accordingly, TNM stage (p \< 0.001) and lymphovascular invasion (p=0.035) were independent prognostic factors of DFS. PPARγ and TRAP220 expression was an independent good prognostic factor (hazard ratio, 0.602; 95% confidence interval, 0.368 to 0.985; p=0.043). TNM stage (p \< 0.001) and lymphovascular invasion (p=0.011) were identified as significant predictors of OS, after controlling for the other clinicopathologic parameters. In univariate and multivariate survival analysis, PPARγ and TRAP220 co-expression was a significant independent prognostic factor of 5-year DFS.

Discussion
==========

CRC is one of the most common cancers worldwide. Recent advances in the understanding of CRC have raised expectations that this growing knowledge might lead to cancer prevention. In addition, epidemiologic evidence has demonstrated a link between dietary fat and obesity and an increased risk of CRC \[[@b18-crt-2015-024]\]. And it was shown that lipid derived molecules could activate the nuclear receptor---PPARγ and induce differentiation \[[@b19-crt-2015-024]\]. Concerns about identification of genetic alterations that underlie the initiation of CRCs and the link between dietary fat and CRC prompted a significant interest in a potential role of PPARγ in CRC. Several studies have reported on PPARγ expression in CRC \[[@b11-crt-2015-024]-[@b14-crt-2015-024]\], but the clinical significance of PPARγ expression remains uncertain.

Two previous studies investigated the role of PPARγ expression in patient survival \[[@b13-crt-2015-024],[@b14-crt-2015-024]\]. However owing perhaps in part to the small sample size, neither of these studies found an association between PPARγ expression and patient outcome. However, Ogino et al. \[[@b12-crt-2015-024]\], using 2 large, prospective, cohort-based studies, reported that the expression of PPARγ in tumors is associated with increased survival compared with PPARγ-negative tumors. In the current study, we compared PPARγ expression and clinical features and patient outcomes. In examination of 399 patients with CRC, positive expression of PPARγ was noted in 41.6%. No significant correlation was found between PPARγ expression and age, sex, tumor location, histopathological grade, lymph node metastasis, or TNM stage ([Table 1](#t1-crt-2015-024){ref-type="table"}). However PPARγ showed significant correlation with depth of invasion (p=0.013). Patients with tumors negative for PPARγ expression had a somewhat decreased 5-year DFS rate (65.5%) compared to those (73.6%) whose tumors showed positive staining (p=0.213). However PPARγ expression was not correlated with 5-year OS (p=0.792) ([Fig. 3A](#f3-crt-2015-024){ref-type="fig"}). Further investigation will be required to determine the role of PPARγ in CRC, but Ogino et al. \[[@b12-crt-2015-024]\] suggested that PPARγ expression is independently associated with good prognosis in CRC.

PPARγ and other nuclear hormone receptors comprise a superfamily of DNA binding transcription factors and also require various transcriptional coactivators for activation, in a ligand-dependent manner, transcription of the specific target genes important for cell growth homeostasis, and differentiation \[[@b20-crt-2015-024]\]. TRAP220 is a coactivator for PPARγ \[[@b16-crt-2015-024]\]. However the role of TRAP220 is still questionable. To the best of our knowledge, this is the first study to examine the relationship between TRAP220 expression and the clinicopathological features of CRC. In this study, TRAP220 showed significant correlation with depth of invasion (p=0.011). Tumors with negative TRAP220 expression more frequently showed lymph node metastasis (p=0.001) and an advanced TNM stage (p=0.011). TNM stage and nodal involvement are recognized as prognostic indicators in CRCs, thus TRAP220 may be a valuable marker for nodal metastasis and TNM stage. Although PPARγ and TRAP220 expression did not show correlation with 5-year OS, respectively, PPARγ positive combined with TRAP220 positive expression showed longer 5-year DFS as compared to those without (79.3% vs. 64.8%, p=0.013). The results of univariate and multivariate survival analysis showed that PPARγ and TRAP220 expression was a significant independent prognostic factor of 5-year DFS.

The molecular mechanisms for the antitumor effect of PPARγ activation remain incompletely elucidated. DNA microarray studies show that PPARγ ligand treatment is associated with change of gene expression involved in apoptosis, cell proliferation, and angiogenesis in colon cancer cells \[[@b21-crt-2015-024],[@b22-crt-2015-024]\]. Kim et al. \[[@b23-crt-2015-024]\] found that the loss of TRAP220 expression was associated with increased rates of invasion and metastasis in non-small-cell lung cancer patients. And, consistent with lung cancer patient data, they found that the loss of TRAP220 increases the invasive potential of non-small-cell lung cancer cells by modulating the expression of metastasis-related genes. On the basis of the results, they suggested that TRAP220 may act as a suppressor of human lung cancer metastasis and suggested the need for future studies on the role of TRAP220 in other types of human cancers.

Conclusion
==========

We have demonstrated PPARγ and TRAP220 expression in CRCs using immunohistochemistry. Positive PPARγ and TRAP220 expression was detected in 41.6% and 42.6%, respectively. Although PPARγ and TRAP220 expression did not show correlation with any clinicopathological parameters evaluated, patients who were PPARγ positive combined with TRAP220 positive had a better 5-year DFS (64.8% vs. 79.3%, p=0.013). Thus co-expression of PPARγ and TRAP220 represents a biomarker for good prognosis in CRC patients.
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###### 

Correlation of expression of PPARγ, TRAP220 and clinicopathological findings

  Characteristic    No. (%) (n=339)   PPARγ        TRAP220                       
  ----------------- ----------------- ------------ --------- --------- --------- -------
  Sex               Male              223 (55.9)   135/88    0.358     134/89    0.223
  Female            176 (44.1)        98/78                  95/81               
  Age (yr)          \< 60             162 (40.6)   93/69     0.757     87/75     0.257
  ≥ 60              237 (59.4)        140/97                 142/95              
  Site              Colon             200 (50.1)   116/84    0.896     118/82    0.699
  Rectum            151 (37.8)        87/64                  87/64               
  Rectosigmoid      48 (12.1)         30/18                  24/24               
  Size (cm)         \< 5              135 (33.8)   82/53     0.521     69/66     0.087
  ≥ 5               264 (66.2)        151/113                160/104             
  Differentiation   Well              247 (61.9)   136/111   0.128     134/113   0.261
  Moderately        130 (32.6)        85/45                  80/50               
  Poorly            10 (2.5)          7/3                    8/2                 
  Mucinous          12 (3.0)          5/7                    7/5                 
  LVI               Not identified    329 (82.5)   185/144   0.062     192/137   0.426
  Present           70 (17.5)         48/22                  37/33               
  pT stage          T1                7 (1.8)      6/1       0.013     2/5       0.011
  T2                47 (11.8)         19/28                  18/29               
  T3                339 (85.0)        206/133                206/133             
  T4                6 (1.5)           2/4                    3/3                 
  Node              Not identified    219 (54.9)   121/98    0.185     109/110   0.001
  Present           180 (45.1)        112/68                 120/60              
  Stage             II                217 (54.4)   120/97    0.248     107/110   0.001
  III               168 (42.1)        106/62                 114/54              
  IV                14 (3.5)          7/7                    8/6                 

PPARγ, peroxisome proliferator-activated receptor γ; TRAP220, thyroid hormone receptor-associated proteins; LVI, lymphovascular invasion.

###### 

Univariate analysis according to the clinicopathologic findings

  Characteristic    No.              5-Yr DFS (%)   p-value   5-Yr OS (%)   p-value   
  ----------------- ---------------- -------------- --------- ------------- --------- ----------
  Sex               Male             223            63.6      0.218         78.3      0.784
  Female            176              74.0                     72.5                    
  Age (yr)          \< 60            162            67.8      0.967         76.9      0.112
  ≥ 60              237              68.5                     70.7                    
  Site              Colon            200            73.5      0.007         77.4      0.077
  Rectum            151              68.3                     72.8                    
  Rectosigmoid      39               49.2                     65.1                    
  Size (cm)         \< 5             135            70.1      0.445         75.5      0.361
  ≥ 5               264              67.3                     72.9                    
  Differentiation   Well             247            71.2      0.098         77.6      0.054
  Moderately        130              62.0                     69.2                    
  Poorly            10               55.6                     50.0                    
  Mucinous          12               81.8                     46.9                    
  LVI               Not identified   329            72.4      \< 0.001      78.0      \< 0.001
  Present           70               49.0                     54.5                    
  T stage           T1               7              100       0.002         51.4      \< 0.001
  T2                47               81.3                     92.4                    
  T3                339              66.4                     72.5                    
  T4                6                25.0                     33.3                    
  Node              Not identified   219            80.6      \< 0.001      82.9      \< 0.001
  Present           180              53.6                     61.2                    
  Stage             II               217            80.5      \< 0.001      83.2      \< 0.001
  III               168              53.8                     64.7                    
  IV                14               40.5                     42.9                    
  PPARy             Negative         233            65.5      0.213         73.6      0.792
  Positive          166              72.4                     73.8                    
  TRAP220           Negative         229            64.2      0.051         71.8      0.203
  Positive          170              73.6                     76.3                    
  PPARγ, TRAP220    0 or 1           303            64.8      0.013         71.6      0.059
  2                 96               79.3                     80.2                    

DFS, disease-free survival; OS, overall survival; LVI, lymphovascular invasion; PPARγ, peroxisome proliferator-activated receptor γ; TRAP220, thyroid hormone receptor-associated proteins 220.

###### 

Multivariate analysis of survival

                                    Disease-free survival   Overall survival                                    
  --------------------------------- ----------------------- ------------------ ---------- ------- ------------- ----------
  Site (rectum or RS)               1.658                   0.987-2.786        0.056      1.112   0.612-2.021   0.728
  Depth (T3-4)                      2.115                   0.975-4.588        0.058      1.860   0.853-4.055   0.119
  Stage (III-IV)                    2.278                   1.650-3.147        \< 0.001   1.912   1.359-2.688   \< 0.001
  LVI (present)                     1.589                   1.032-2.445        0.035      1.786   1.145-2.786   0.011
  PPARγ and TRAP220, coexpression   0.602                   0.368-0.985        0.043      0.684   0.416-1.126   0.135

HR, hazard ratio; CI, confidence interval; RS, rectosigmoid; LVI, lymphovascular invasion; PPARγ, peroxisome proliferator-activated receptor γ; TRAP220, thyroid hormone receptor-associated proteins 220.
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